We tested the hypothesis that gum elastic-bougie-guided insertion of the ProSeal™ Laryngeal Mask Airway is more frequently successful than introducer tool guided insertion after failed digital insertion. One hundred anaesthetized patients (ASA 1-2, aged 18 to 80 years) were randomized for the second insertion attempt using either the gum elastic bougie-guided or introducer tool techniques. The bougie-guided technique involved priming the drain tube with the bougie, placing the bougie in the oesophagus using laryngoscope guidance, digital insertion along the palatopharyngeal curve, and bougie removal. The introducer tool technique involved attaching the introducer tool, singlehanded rotation along the palatopharyngeal curve, and introducer tool removal. Failed insertion was classified as (i) failed passage into the pharynx, (ii) malposition, or (iii) ineffective ventilation. Any blood staining was documented. Insertion was more frequently successful (50/50 vs 15/50, P=0.0002) and faster (35±17s vs 54±45 s, mean±SD, P=0.006) with the bougie-guided technique. All failed insertions with the introducer tool technique were successful with the bougie-guided technique. The aetiology of failed insertion was similar for the digital and introducer tool techniques in 94% (33/35) of patients. There was no blood staining on the bougie, laryngoscope or introducer tool at removal, but blood staining was more common on the Proseal laryngeal mask airway with the introducer tool technique (9/50 vs 2/50, P=0.03). We conclude that the gum elastic bougie-guided insertion has a higher success rate and causes less trauma than the insertion tool insertion technique after failed digital insertion of the Proseal Laryngeal Mask Airway.
The ProSeal™ Laryngeal Mask Airway (PLMA) (LMA ProSeal™. San Diego, U.S.A.) is a new laryngeal mask device with a modified cuff to improve the seal and a drain tube to prevent aspiration and gastric insufflation [1] [2] [3] . The manufacturer recommends inserting the PLMA using digital manipulation, like the Classic™ Laryngeal Mask Airway, or with an introducer tool, like the Intubating™ Laryngeal Mask Airway 4 . The principal cause of failed and/or delayed insertion with the digital and introducer tool techniques are impaction of the PLMA at the back of the mouth, which results in failed passage into the pharynx or either folding over of the distal cuff, or the distal cuff being directed into the glottic inlet rather than the hypopharynx 2,5-8 . Howarth and co-workers 9 described a new insertion technique that overcomes these problems. It involves placing a gum elastic bougie in the oesophagus under direct vision, and railroading the PLMA into position along its drain tube. Our group recently showed that the bougie-technique was superior to the digital and introducer tool techniques as a primary technique 8 . In the following study, we tested the hypothesis that bougie-guided insertion is more frequently successful than the introducer tool technique after failed digital insertion.
METHODS
With approval of the Cairns Base Hospital Ethics Committee, we studied 100 anaesthetized patients (ASA 1-2, aged 18 to 80 years) in whom PLMA inser-tion using the standard digital technique 4 failed after a single attempt. Patient consent was not obtained as we were comparing two backup techniques that were already in use in our current practice. None of the patients who participated in our previous study 8 were included in the current study.
Anaesthesia was in the supine position with the patient's head on a standard pillow 7 cm in height. A standard anaesthesia protocol was followed and routine monitoring applied. Fentanyl 0.5 to 1.0 µg/ kg and midazolam 0.025 to 0.05 mg/kg were administered. Patients were preoxygenated for three minutes. Anaesthesia was induced with propofol 1.5 to 3 mg/kg given over 30 seconds and the PLMA (size 4 females, size 5 males) was inserted using the standard digital technique 4 if there was no response to jaw thrust 10 . Additional boluses of propofol 0.5 mg/kg were given as required until an adequate level of anaesthesia was achieved for placement. Ephedrine 5 to 10 mg was given if heart rate or blood pressure fell more than 30% below baseline values. Failed insertion was defined by any of the following criteria (i) failed passage into the pharynx, (ii) malposition (air leaks, a negative tap test and failed gastric tube insertion if insertion into pharynx was successful), or (iii) ineffective ventilation (maximum expired tidal volume <8 ml/kg if insertion into the pharynx was successful and there was no malposition).
After failed insertion, the PLMA was removed and face mask ventilation commenced. The PLMA was wiped, deflated and re-lubricated. The second insertion attempt was with the same PLMA. Patients were randomized (by opening an opaque sealed envelope) for the second attempt using either the gum elastic bougie or introducer tool techniques. The gum elastic bougie technique involved the following steps: (i) the drain tube was primed with a lubricated bougie with its straight end first, (ii) the distal portion of the bougie was placed 5-10 cm into the oesophagus using laryngoscope guidance and the laryngoscope was then removed, (iii) the PLMA was inserted along the palatopharyngeal curve using the digital insertion technique whilst the assistant stabilized the proximal end of the bougie, and (iv) the bougie was removed 9 . The introducer tool technique involved the following steps: (i) the introducer tool was attached to the PLMA, (ii) the PLMA was inserted along the palatopharyngeal curve using a single-handed rotational technique, (iii) the introducer tool was removed 4 . For both techniques (i) insertion took place in the sniffing position, and (ii) the cuff was inflated with air until an effective airway was established or the maximum recommended inflation volume was reached. If insertion failed at the second attempt, the non-randomized technique was used for the third attempt. The time between picking up the unprepared PLMA and successful placement was recorded. A failed attempt was defined as removal of the PLMA from the mouth.
Any episodes of hypoxia (SpO 2 <90%) or other adverse events were documented. The aetiology of failed insertion was documented. All cases were conducted by one of the authors (JB) who has considerable experience with all three techniques (>1000 uses each). Any blood staining on the gum elastic bougie, laryngoscope, introducer tool or PLMA was noted at removal. The mouth, lips and tongue were inspected for evidence of trauma.
Sample size was based upon a projected difference of 15% between the groups for a single attempt at insertion with the secondary technique, a type I error of 0.05 and a power of 0.9, and was based on previous studies reporting first attempt success rates with the PLMA 2, 3, 5, 6, 9, [11] [12] [13] [14] [15] . Data were collected by unblinded observers. Statistical analysis was with paired t test for parametric data or Chi squared test for non-parametric data. Data are mean±SD unless otherwise stated. Significance was taken as P<0.05.
RESULTS
There were no differences in demographic data between groups ( Table 1 ). The PLMA was inserted in 1693 patients before there were 100 failures at the first attempt. Insertion was more frequently successful (50/50 vs 15/50, P=0.0002) and faster (35±17s vs 54±45s, P=0.006) with the bougie-guided technique. All failed insertions with the introducer tool technique were successful with the bougie-guided technique. The aetiology of failed digital insertion was failed insertion into the pharynx in 62 patients, malposition in 35 patients and failed ventilation in three patients. The aetiology of failed introducer tool insertion was failed insertion into the pharynx in 16 patients, malposition in 18 patients and failed ventilation in one patient. The aetiology of failed insertion was similar for the digital and introducer tool techniques in 94% (33/35) of patients. There was no blood staining on the bougie, laryngoscope or introducer tool at removal, but blood staining was more common on the PLMA after the introducer tool technique (9/50 vs 2/50, P=0.03). No patient had mouth, lip or tongue trauma. There were no episodes of hypoxia or other adverse events.
DISCUSSION
We found that insertion was more frequently successful and quicker with the bougie-guided technique. This is because it avoids impaction at the back of the mouth, prevents folding over of the cuff, and guides the distal cuff into the hypopharynx 8 . We found that the aetiology of failure was similar for the introducer tool and digital technique on 94% of occasions. This suggests that the digital technique will not be useful as a backup after failure of the introducer tool technique. The other advantages of the bougie-guided technique are that (i) the tests for drain tube position and patency are not required, (ii) gastric tube insertion rarely fails, as the drain tube and oesophagus are in alignment, (iii) oropharyngeal pathology can be detected, (iv) the laryngeal view can be graded, and (v) diagnosing the aetiology of subsequent ventilatory failure is easier, as malposition of the distal cuff can be eliminated from the list of possible causes.
The potential disadvantages of the bougie-guided technique are the potential for (i) pharyngo-laryngeal stimulation and trauma from insertion of a laryngoscope, and (ii) pharyngo-oesophageal stimulation and trauma from insertion of the bougie. Dental trauma is also a potential complication of direct laryngoscopy. However, there was no episode of airway protective reflex activation and similar doses of propofol were required between techniques, suggesting that stimulation is similar. This is probably because only slight force is needed to view the hypopharynx (pharyngo-scopy rather than laryngoscopy). Also, there was less pharyngeal trauma with the bougie-guided technique. This is probably related to the lack of impaction at the back of the mouth. Avoiding force during passage of the bougie into the oesophagus should reduce the risk of oesophageal trauma. The bougie is not ideal for use with the PLMA as the distal portion does not have an atraumatic tip, and the development of an atraumatic oesophageal guide is currently underway. Nonetheless, we have used the bougie-guided technique as the primary technique on over 3000 occasions without any evidence of minor or major oesophageal injury, including an absence of occult blood on the bougie in 580/580 tested.
Our study has two limitations. First, all insertions were by a single experienced user and our results may not apply to less experienced personnel. However, we consider that the introducer tool technique probably requires more skill than the bougie-guided technique. We speculate that anaesthetists with laryngoscope skills but little experience with the PLMA will have a higher success rate with the bougie-guided technique than the introducer tool technique. Second, we did not document haemodynamic changes and it is possible that the haemodynamic stress response was higher for the bougie-guided technique. However, Howarth and co-workers 9 noted no increase in heart rate or blood pressure after bougie-guided insertion and the total dose of propofol required was similar for the bougie-guided and introducer tool techniques. In addition, our statistical analysis involved multiple simultaneous comparisons, increasing the chance of a type I error.
The classic LMA has an established role in the management of the difficult airway both as a ventilatory device and aid to tracheal intubation 16 . There are six case reports [17] [18] [19] [20] [21] [22] and a small case series 14 where the PLMA has been used in the difficult airway. The PLMA should be a more useful ventilatory device than the classic LMA, as it has a better seal and protects the airway when correctly positioned, but a less useful aid to tracheal intubation, as the airway tube is wire-reinforced and narrower. However, tracheal intubation is probably unnecessary if the PLMA is correctly positioned and functioning adequately. Also, tracheal intubation is feasible using a fibreoptically placed guide wire and an airway exchange catheter 23 . We recommend that the bougie-guided technique should be used as the primary insertion technique for the PLMA in failed intubation, as it has a higher first attempt success rate than the digital and introducer tool techniques 8 trachea. The bougie-guided technique could probably be used with any new extraglottic device that incorporated a drain tube. We conclude that the gum elastic bougie-guided insertion has a higher success rate and causes less trauma than the introducer tool insertion technique after failed digital insertion of the PLMA.
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